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tee rpuchral response maximam from 752 to 800 ms, swd the long ween-
length limdt from 800 o 1200 mu. e -vey diffeaciion patlern for this
catbode axbibited i powler A1firection iinmes cherascterigtic of {:5%?5‘
In the preparation of e photogrephs unfiltersd copper radistion was used
to mwoid prohibitively long exposures. The diffraction petiern for 7 55 L
elasc oombtained 5 eseries of single crysisl spots becmuse of tu and Kﬁ
copper rafixiion. The majority of the spots could b definitely sssoc-
isted with the presence of some lerega Caec crystals; however, a pair of
spote could possibly be asacciated with the prescence of some Ce,0 crysials.
Ta the fabrication of FT £3 X ths cesium addition was contiowed o 2.8
{Cs/0) mole retio. The photoesission during the cesium sddition pessed e
mxiem et 2.9 {Ce/0), the thermionic emfcsiorn incressed to s mexiwmum on
cooling the cesium source st 2.4 (Cs/C), Lut further cesium addition re-
suited in & rapid dscresse in the thermionic emtesion. At 2.8 (Cs/0) the
thermicaic eaission had dfseppeared and the ¥, response (1> 775 ms) wes
segligivle. On cooling the tube 'ep room teapersture sxcess cesium wos
observad condensing on the tube elsmentz which cooled first. After fabri-
cation the photoresponse had & meximum et 640 &, and e Lons wavelengih
1imdt of 800 mi. The tube was then be-.hgd 8t 150°C 74» 2 uours end at 130°C
for 3.5 houre tv dfstil some of the cesium excess imto . - cepium source
whick vas mRintained at less than 50°C. After sealing +* . resivm sonrce
off, the tube wes given & 180°0 o4~ "Y1 —whir~ 2ok _ hes Dada BIE wrt wr
i= aay significent change 1n the ¢ilucticz current or *he hotosmismion
az compsved to the previcus 150°C eke. It f# iaterest’yz o wote that
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PROTORMIBAIVE SURFACES

During this quarterly period the redioactive cesium tracer gross
comgesition and the x.ray diffraction phuse identificatiom studies of
the photocathode have been completed. The principel results are
summarized in the following section and s brief description of the
experimeants is then presented. 8ince detailed technical reports on
the experimental investigatioms of the 8-1 surface ere belng wopared,

0o extensive CGiscuasion of the experiments iz presented.

i. SUSARY

The gross couposition of 8.1 photocathodes prepared et 150° and
190°C hasz bsen irvestigated using rediomctivs cesiuvm to determine the
ceaium concentration on the actual photosurface. Iz this investigation
the cathode consisted of a thick evaporated silver film (> 1000 A) on
& glase substrate. The investigation has dewonstratad that the gross
composition of the cathode way vary widely without marked changes in
‘the infrared response characteristics. For good tubes prepared at 130°C
the cathode ((s/0) mole ratio varied from 0.8 to 1.49; whereas for
tubees prepared at 150°C the ratio varied from 1.52 to 2.07. It was
observed that the silver film thickness and the apeed of evaporation
affect the characteristics of the oxidation process as well as the
characteristics of the final cathode. In addition, it sppears that
there is & traasport of oxygen {(as a cesium oxide, probably) if excess

cesium is introduced into the tube.



The X-ray 4iffraction phase identification experiwments have demon-
strated thet the only ceaium oxide detectadle in & high sensitivity
85004 infrarsd vesponse surface is Ce~0. Cathodes containine cesium in
excess of Cs,0 (nawely @ﬁjﬂ} dn rot exhibit good infraved response
charscteristics. It haes slec been demonstrated thst infrared sensitive
surfaces moy be prepared at 150°C which cont&in unreacted silver oxides
and vhich are atable at room temperaturs for st least seversl weeks.

During the preparstion of the x-ray ssmple tubes evidence was ob-
teined which indicateg that in the reaction of cesium vith the photo-
cathode practically every collizion results in chemiesl reaction.
Consegcuentiy the tube geometry may exert & profouni influence on the
thermionie and photoelectric cherscterigtics ag & function of the time
sf cesium additicn and the corresponding gross (Ce/0) zole retio for the
tube.

Iz the preparation of the messive cathode tube it fz Pregusatly
necessary to repeatedly oxidige and heat-treat the cathcde to obtain
a surface vhich oxidizes unifermly during the glow discharge. It has
been cbserved that massive silver sheet vhich has been well rinsed
with distilled wvater just prior to sealing the tube to the vacuun

system consistently oxidizes uniformly during the first glov-discharge

e o ool o Bome -
oxidatrion, It gposars that the white depusit 1

squently formed during
the sealing-off of the end of the pyrex auvelope 1& not compleitely re-
moved during outgsssing apd thet this substance does interfere with

the oxidation of the silver.



2. QOROSS CONPOSITION OF THE PEOTOCATHUDL

An investigetion bas been perforssd in which the gross Cs/0 mole
ratic of the photocathodes formed under &iffsrent experimental conditions
was deteruined. This stuly wvas performed by reacting cesium containing
& knovn amcu: of radiocactive Csl3% vith & known amouni of oxygen depos-
ited by a bhigh voltage glow discharge on an evaporsted silver film. The
actual tube construction and fabrication procedure have been described
in previous reporte. After phototube processing was completed and tha
spectral response characteristics determined, the tube envelope wvaz
opened;, and the cathode removed. %he concentrstion of cesium on the
cathode was determined by counting the radiomctive cesium with & Geiger
counter end comparing this result to that obisined vith a get of stand-
ard sasples conteining known amounts of the origimal trecer cesium
mixture, From the itotal cesium thus determined and the kmown smocuat of
oxyger deposited, the gross (Cs/0) mole ratio for the cethods was
computed. This ratio is referred to as the (Cs/0) count mole ratio.
Sincs the cesium eddition to the tube wvas controlled by & capiliary of
known dimensions, it was alsc possible to compute a gross (Cs/0) mele
ratio based cn the cesium flov rate through the capillary. This ratic
differs from the count ratic because of the reaction of cesium with

4 - ®wa. - e ooe  mmm = o v AL
tnhe sloments and tha ~laes 3::-'.313...’ 2 w=l1 tte reacti &t the

cathode diszcuzsed later.
In the tuves prepared earlizr at 190°C using an evaporated silver
film substrate it wvas not resdily poesible to obtain cathodes vhich were

easily oxidized or which developed the desired infrared respounse during



the reaction with cesium., The ceircdes were coaracterigs? by the
abegence of significent thermiouic emission during cesiux sddition
and final photoresponses with long wvavelength limits of less than
1000 mu. After considerable experimentaticn, it wec found that
good cathodes could be produced consistently by using a thicker
evaporated silver film or by using & very slowly eveporated film.
Thess results clesrly demonstreted that the thickness and the speed
of evaporstion of the silver affected tha charecteristics of both
the oxidetion process and the photoelectric properiies of the final
surface.

The composition and photoelectric date for the radicactive cesiuvm
tubes whick have been prepared at 150° and 190%°C are briefly sumeriszed
in Table I. It is evident from the data that the gress cowposition of
a good cathods mey vary wideliy (0.8 to 1.49 {gs/0) count for 190
tubes) witbout marked chmnges in the photoresponse. The infrersd
sensitive 190°C tubes were prepared by dlscontinuing the cesium
addition shortly beyond the méximum thermionic ewmission. It was not
poasible with the limited data to correlste directly the photcelectric
characteristics with the gross composition data.

During the preparaiion of 190°C cathodes the surprlsipg result
was obtalned that tae (Cs[O) count mole ratio decreased when excess
cestium was introduced into thre tube. (Bee alac Progross Report Fo. 7)
Tnis is illustrated in Fiz. I where the {Cs/0) count retic is plotted
as a function of the (€s8/0) flow retio. This result indicates that

there is a transport of oxygen from the cathode at 130°C 1L excess



TABIR® I. RADIGACTIVE Ca TURER

g- Atom Lorg Bx. P. B.
(cs/0) (€s/0) of 1imit

Tuoe Tewp.  Flov  Count 0 x 10 (o} ()
659-16 190 10.71  0.28 1.27 25 %
£59-19 19C 2.65 0.7k 0,75 860 500
655-28 190 2.23 1.01 3.10 135¢C 920
€59-33 190 5.45 2.10 2.42 2 .-
659-42 190 7.80 0.79 1.32 850 615
65946 190 8.49 0.57 1.26 G5¢ 630

1588.111 190 1.57 0.80 1.06 - 370
1588-122 190 | 2.79 1.49 1.37 1350 950
1568130 190 2.51 0.80 2.87 125G G20
1588-137 130 2.59 1.23 1.83 1250 935
1588-145 190 7.91 - 0.87 1.63 o S

1588.155 150 k.31 2.07 2.82 1250 910
1588-180 150  2.98 1.52 3.27 1300 870
1588-186 150 k.95 1.41 2.08 1150 875
1588-192 150 7.468  1.991  0.88 1300 930
1568-198 150 5.06 1.577  1.73 1350 930
1588-200 150 1.0 1.268  1.198 120C 8¢5
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cesium is iatreoduced. 'The loss of oxyger could not be related to the
total exygen content of the catucde, the time reguired for cesius addi-
tion, nor the oxidation chavacteristics of the sgilver. It appemre
probabls that the loss of oxygen irvelves the transport of a cesiunm
oxide (pessibly ﬁsSO) througk the gaseous phase.

In the case of tubes fabricated at 150°C there does not sppear to
be any close correlstion batween the (Ca/O) coust snd (C8/0) flow mole
ratios aa_nhova in Pig. 1. The goeod infrared sepsitive 150°C csthodes
appear to have a significantly higher {€s/0) count ratio than the 150°C
tubes. At 150°C the cesium oxide, Ce40, czn be formed e = stable solid
phage. Conssguently 1t is surprising thet it wes ﬁﬁt'rﬁﬁéiiﬁ possibls
to prepare cathodes with & (Cs/0) count mole ratic sigmificantly greater
than 2.0. It eppears voat solid Qs3C must be volatile.

2. -PHASE IDENTIFICAZION

The identification uf the principal components of thc-photéuurtaga
has been accoaplished by ap x-ray diffrsction study of the powder ob-
tained by ecraping the photosurface. In this process the massive cathode
tube design wvas wodified in that & pyrex x-rey sample capillary tube was
sealed to the end of the phototudbe, and a small razor blade was introduced
into the trhe. After ths tube preparation wus completed, the rasor blade
(manipulated with a psrmanent magnet) wes used to scrape off a sample of
tha photosurface. The sorapinge were shaken intc ths astached capillary.
The punototudbe was then wounted in a suitable holder and en x-ray photo-
graph of the powder sample wee prepared. By thie procedure it was possible

to minimize the contamination of the sample with foreign mmterials and



to uee the spectral respunse as & guallity control.

Before describing the ?emg&tg'whieh have been obtalned, it i lm-
ortant Yo nove the lyxiietions of the provaedure. In the soraping of
the powder sample significant gusntities of gilver are necesssrily intre.
duced into the ssmple. As & rezult the diffrection putterns of the oxide
phazes ore wesk relative to thet of the silver and thersefore only cos-
onenis 2t swyprecimble concentrations (>~5¢§) are readily detected.

4 perien of eix x-ray zemple phototubes have been prepered &s shown
in Table 1. Pwo tubes PE 42 X and PP 55 X were fabricatsd at 1%0°C.

In the greparaticn of PT 42 X the cesium source wvze cooled at the
thermionie esfesion mhximum, and the tubs vas cocled after the second
maxisus vas passed. In the cass of PT 55 X (he cesium addition was
aoatinued until the stebls 190°C therwionic emission surface with cesium
 Bource cocl was obtaliped. After febrication both tubes were given a
130°C bake, ¥he other tubss vere fabriceted at 150°C in sn effort to
clarify the resson for the difference in the emission behavior duriug
fabrication at 150 and 190°C. It has been observed that vhen the cesium
gource at (€s/0) mole ratios of 1.0 is cooled, the thermionic emission
increasss to & stable value for tubes fabricated st i50°C but decrezses
rapidly tc & lov value for tutes fabricated at 19C°C. In addition
several tubes have been pr'pafed at 150°C in vhich.good infrered sensi-
tive surfaces have been obtained at gross tube composition wole ratios
batween 2,0 enod 3.0 (Cs/0). This result suggested that either Cs,0 could
contribute to the infrered photcemission or that a cesium zink other

thav the photoswrface @xisted in the tube.
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The x-ray diffrection study of the good infrered cathodes prepered
2t 190°C demcnzirated thet the principal cesium oxide present wae Uss0,
fongidering the mrocess of the development of photosmission and thermi-

#

onic ewdssion at 1%07L, the resuits ipndicate tnat the infrered photo-
emitter is crystailine Csx0.

Ir the preparation of PF 59 X and PP 65 X at 150°C, the cesium
addition wes discontinued at 1.0 (Cs/0). At this stage the top half of
the cathods exhibited the colox ¢ the origimel silver oxide, vheress
tks bottom half appeared to have rescted with cesium to form a dark
black to grey surfece. 7The photoresponse of the top helf of the cathode
wvag considerably less than the bottom but vith only minor differences in
the wvavelength characteristics of the spectral response curves. Both
sections of the tubs exhibitsd infrared sensitiveity. It dld not prove
feaaible to prepare x-ray photcographs of samples from the two sfones.

The x-ray diffraction pattern prepared froz the PP 59 X sample exhibited
the strong lines characteristic of glow-discharge oxidized silver, and
possibly the strongest line of Csp03. The sample from PT 65 X consisted
priearily of s‘lver. The actusl oxide concentration in the sample was
too low to be detected.

The results cn the 1.0 (Cs/0) tubes clearly demonstrate that at
1i50°C an inirared sengitive surisce may be Tormed vith excess silver
oxide present. It appesrs probable that the difference in tuve fabri-
cation charscteristics for 130" and 3$C*C at 1.0 C8/0 is relatad to the
rate of decomposition of unreacted silver oxide. It is poesible that at

190°¢ the stabie thermionic emitting surface ie not formed until the

10



silver oxides h&ve been reduced sud an spproximstion to phese ejuilib.
rius establiizhed.

Ths two-sone sppsarsnce of the 1.0 (0s/0) tubes is undoubtedly re-
isted to the molecular bean effect associated with wounting the cesium
entrance tubs at the bese. JIn the course of the preparation of other
x-ray sample tubes, $it haz been cbserved that during cesium addition
the bourdery sloviy swvesps the cathode face from bottom to top. In
addition, the very repid decremse in the thermionic emission associsted
vith excess cesium does not oceur until the cathode has been covered dy
the reaction region. m:l"l‘:chivior is understandable if it is assumed
that practicelly every cesih collision with the surface resulis in
reaction, and therefore the tube geometry is critically involved in the
distribution of cesium on the czthode. It is to be noted that rate of
decowposition of the glew discharge silver ,-3des at 190°C is measuresble;
howsver, the rate is sufficiently slow that an appreciable fraction of
the oxyyen is nct lost during the fabricaton of & magsive cathodz tube
at 190°C. It would sppear probable that the rate of decomposition at
156‘0. would be negligible with respect to the proceseirg time involved.

Tvo exceas cesium cathodes IT 58 X and PP 63 X were prepared at 150°C.
In the case of PT 58 X the cesium addition was discontinued at 2.k
(Cs/C) vhen the im®rared response ()- > 775 =) became negligible come

pored to the white light response. Ccoling the nesium source &id not

yroduce a marked change in the thermionic emission. After gsaling the

cepium source, the tube wms baked for two howrs at 150°C during which

tims appreciable therwionic emizsion was developesd. The bake changed
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thy speeiral response maximum from 752 to 820 m:, and the long weve-
length 1imit from 200 4o 1200 wms. The x-ray diffracticn pabtesn for
this cathole exibited the powder diffrscticn lines characteristie of
a0, In the preperation of the photographs unfiltered copper radi.
ation was used to avoid mrohibitively long exposurss. The diffraction
pettern for PF 53 X also containsd a series of singls crystal spote
bacause of K, and xé aopper rediation. The mejority of the spots could
be definitely essocinted with the presence of sowe lurgs Ceol cryetmls;
bovever, & pair of spets could poseibly be sssoclated with the presence
of some @saa cryetals. ;
In the fabrisaticr of PP 63 X the cesivm addition was continued to
2.6 {ca/0) mole ratio. The photoemission during the cewium sddition
passad & maximus at 2.0 {Cs/0}, the therwionic emiseion incressed %o a
sexlma on cooling the sesium source at 2.4 (Cs/0), but Zurther cesium
addition resulted in a repid decremss in the thermionic emiesion. At
2.8 (Cs/0) the thermionic emission had disappeared and the F, response
(A > 775 m1) to rcom temperature excess cesium was cbserved condensiné
on the tube eloments which cooled first. After fabrication the photo-
roséonla had & maximum at 60 mu and a long wavelength limit of 800 iu.
The tube was then baked at 150°C for 2 hours and at 130°C for 3.5 hours
to d1stil aome otifhe cesium excess into the cesium source wvhich vas
meintained at less than 50°C. After sealing the cesium source off,
the tube wvas given a 150°C equilibrating beke. Phis bake did net resvlt
in any significant change in the eonducticn current or the photosmisazion

o5 compured to the previous 150G°C beke. It is interesting io nots that



the conduction current decressel with decressing tempersturs and thus
the lesksge current ls not dua to metallie conduetion. After the bske
the specirnl response Baximum was chsarved at 650 . &nd the long weve
length limit at 8310 mu. %he x-ray photograph for this cathode clsarly
demcnstratad the presence of largs aingls crystals of 0530 and reandoEly
oriented sm.!.l erystals of Csp0. Thus & cathode definitely cent-aixiing

Ca30 doea not beve good infrared response charseteristica.

k. GIOW-DISCEARCE OXIDATIOR

Turing the eerly stages in the preparation of the cathodes for x-rsy
diffraction studies, it was observed that in soms tubes it wes very
difficult to obtain & uniform glov-diechergs oxidation of the cethode.
It wvas frequently necessary to oxidise cnd heet-trset the cathode 3 or
4 times before a uniform oxidstion was obtained. In addition it wvas
frequently observed that a very thin hesy vhite deposit forma in the tube
envelope wvhen the end of the pyrex envelope 1s sealed off. Puring the
initiel out-gassing of the tube, the white film vas transferred to the
cooler portions of the vacuum system. It has been established that the
white substance is water soluble and i2 the interior of the tube is
carefully rinsed with distilled water just prior to mounting on the
vacuum system the oxidation of the cathode consistently proceeds uniform-
1y over the entire swface. Thus it would appec;r that the white substance
iz not completely removed during the cut-gassing and can affect the oxi-

dation charecteristics of the silver.
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« CRYRTAL FERUOWIRKE &F Ca0

as mentionad in be lzed progress veport, elegires dansity eal-
culations e&xe being medis for ke C8,0 arystal. Toe first eslculations
hava ‘bee:_x completed Quring the quartsr. As the result of these com-
}umtiom an arror in 3 paremeter hag been found vhich is of consider-
adbla importance. The strusture may b2 roughly visualized as aade up
of parallel plenes of ceslum lone vhich are not guite equally spaced.
The distance Detwesw one pair of layers is somevhat smaller than
betwean an adjecent pair snd thess repeat alternsstely throughout the
structure. Oxygen lies betwveen cne pair of cesium planes but no
oxyger is between the other pair. Rsceuse of the lov scattering pover
of oxygen, compared to cesium, it is Aifficult to declde which of the
tvo alteruate positions it occupies. The iine sections h;re shown that
the oxygen position iz the opposite of that wvhich has previously been -
assumed. This changed position leads to better agreement between
observed and calculated scattering factors. 7The chsnge does, howvever,
raquire nev electron density calculatione which have also been conm-
pleted. Preparation of & final report oa the structure is plenned for
the neer future.

The meesuremsnt of magnetic susceptidility and electrical conduc-

tivity for 0s30 is undervay. These wsagurements will be completed
before the preperation of the final report on the structure of this

crystal. ‘The structure determinetion on Ca30 1s complete.
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